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Muk'pocnopuriufl Glugea gasterostei Voronin 1974 H3 ipexuraoii kojuoiiikh Gasteros- 
teus aculeatus ormcaHa KaK caMOCToaTeabHbiH bha Ha ocHOBaHHH Mop4>oaorHHecKHX h 
3KOJiorHHecKHX oco6eHHOCTeil napa3HTa (Bopohhh, 1974), a Taioxe yjibTpacTpyKTypHbix 
xapaKTepHCTHK ero cnop (BopoHHH, 1983). flpu peBH3HH MHKpocnopHanH poaa Glugea 
(Canning, Lorn, 1986; Lorn, 2002) nanimHocTb aaHHoro BHaa Gbiaa nocTaBaemi nog co- 
MHeHHe, h oh 6bui CHHOHHMH3HpoBaH c G. anomala. TeM He MeHee MoaeKyaapHO-({>Haore- 
HeTHHecKHH aHaiiH3, BbinoJiHeHHbiii b HacToameii paGoTe, noxasaa yHHKaabHOCTb Mone- 
KynapHoro ranaOTHna reHa m an oil cyGbCHHHMiibi pn6oco.MaabHOH PHK G. gasterostei 
(HOMep aocTyna b TeHGaHKe KM977990) h 6jih3koc po/ictbo aaHHoro BH^a c G. anomala , 
G. atherinae h G. hertwigi (cxobctbo HyiuieoTHUHbix nocaeflOBaTeabHOCTen Ha ypOB- 
He 99.7 %). OaHHM H3 xapaKTepHbix npH3H3KOB G. gasterostei b OTannHC ot G. anomala 
cae^yeT ciHTaTb o6pa30BaHHe KceHOM Ha BHyTpeHHHX opraHax, a He Ha noKpoBax 3apa- 
/KeHHbix pbiG, nocKoabKy aaHHoe cbohctbo coxpaHaeTca npn 3apaa<eHHH pa3Hbix bhaob 
xo3aeB. TaKHM o6pa30M, HMeioTca Bee ocHOBaHiia cmiTaTb G. gasterostei caMOCToaTeabHbiM 
BHflOM epeflH 6aH3KOpOaCTBeHHbIX TaKCOHOB, HHBeprHpOBaBIHHX OTHOCHTeabHO HeaaBHO. 

Kinoneebie cnoea : MHKpocnopHanH, (jmaoreHna, BnaooGpa30BaHne, TaKCOHOMiia, pn- 
GocoMaabHaa PHK. 


BBEflEHHE 

CncTCMa MHKpocnopnriHH, ojihhx H3 caMbix MenKHX ojiHoKjicToHHbix ayica- 
pHOT, Ha np()TH>KCHHH nOCJIC/IHHX nHTHHCCHTH J1CT nO/lBCpraCTCH HenpepblB- 
HblM H3MeHeHHHM H BCe CIHC HaXO/HITCH B npOHCCCC CBOerO OCMblCJlCHHH H 
nocTeneHHoro (J)opMHpoBaHHH. CoBcpmsHCTBOBaHHC mcto^ob Hccae^OBaHHH 
MHKpOCnopH^HH, o6jIHTaTHbIX BHyTpHKJlCTOHHblX napa3HTOB MHOrHX 5KHBOT- 
hbix, npHBeao k pe3KOMy yBejiHHeHHio HHCJia oroicaHHbix <j)opM, a pa3Hbie 
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noAxoAbi k cHCTeMaTinaiiHH bhaob — k pa3pa6oTKe pa'iUHHatonjHxca MeacAy 
co6oh CHCTeM. HanaTbie b 1960-x roAax sneKTpoHHO-MHKpocKonHHecKHe hc- 

CJieAOBaHUa CTaAHH pa3BHTH5I MHKpOCnOpHAHH BBI3BHJ1H OoraTblH Ha6op yjlbT- 
pacTpyKTypHbix xapaicrepHCTHK, KOTopbiM aBTopaMH pa3Hbix CHCTeM npn^a- 
Banca pa3Hbift TaKcoiiOMH L iecKHH ypoBeHb. nocne^OBaBiiiee c Koima 1980-x toaob 
H3y L ieiine sthx napa3HTOB MOJieKyjwpHO-GHOJiorHHecKHMH MeTO^aMH upaKTH- 
necKH npuBeno k nonHOMy oTpnnaHHio chctcm, nocTpoeHHbix Ha yjibTpacTpyic- 
TypHbix npii3HaKax, Tax xax ceKBeunpoBauHe KOHcepBaTHBHbix ynacTKOB re- 
HOB pa3Be^HHHJIO MHOTHe BHAbI, paHee CHHTaBIHHeCa pO^CTBeHHblMH, HJ1H Bbl- 
flBHJIO 6nH3KOe pOACTBO (|)OpM, AaJieKO OTCTOHLpHX B CTapbIX CHCTeMaX. 

CuTyamiH c bhaom G. gasterostei OTpa^aeT coBpeMeHHoe nonoaceHHe b ch- 
CTeMaTHKe MHKpocnopHAHH. B 1974 r. npn nccjieAOBaHHH Ha 3apa>xeHHOCTb 
TpexHrjioS KOJHOUiKH Gasterosteus aculeatus L. HaHAeHa MHKpocnopHAHH, 
OnHCaHHaH KaK HOBblH BHA Ha OCHOBaHHH MOpcJjOJIOTHHeCKHX npH3HaKOB (<J)op- 
Ma cnop h hx pa3MepHbie xapaKTepncTHKn) h rHCTOTponHH napa3HTa (BHcpe- 
panbHblH JIHCTOK Me3eHTepH5l), HeTKO OTJlHHaiOmHX ee OT y^e AaBHO H3BCCTHO- 
ro pirn 3toh pbi6bi napa3HTa, MHKpocnopHAHH G. anomala (BopoHHH, 1974). 
B 6onee no3AHeft pa6oTe aBTopa otjihhhh HOBoro BH.ua 6buiH AonojiHeHbi ynbT- 
pacTpyKTypHMMH npH3HaxaMH — hhbim, neM y G. anomala hhcjiom bhtkob 
noJiapHOH TpySxH (BopoHHH, 1983). 

HecMOTpa Ha 3th otjihhhh ot G. anomala, G. gasterostei h paA MHKpocno¬ 
pHAHH H3 Apyrnx pw6 6bijih BKJHOHeiibi b rpynny «bhaob, bo3moacho hachthh- 
hbix G. anomalan (Canning, Lom, 1986). CxoflHoe MHeHHe, hto G. gasteros¬ 
tei «B03M0)KHbIH CHHOHHM» G. anomala, nOCJiy^KHJlO OCHOBAHHeM J1J1H HCK- 
jHoneHHa G. gasterostei H3 KaTanora BanHAHbix bhaob MHKpocnopHAHH pbi6, 
no BepcHH JIoMa (Lom, 2002) cocToamero H3 80 HaHMeHOBaHHix Cepbe3Hbix 
apryMeHTOB npoTHB noAoOnon tohkh spenna ne yAanocb nouynHTb h nocne 
npoBe^enna 3neKTpoHHo-MHKpocKonHnecKHx HCCJie^OBaiiHH cnop G. gasteros¬ 
tei, G. anomala h Loma acerinae , KOTopbie noxa3ajiH 3HaHHTenbHoe cxoactbo b 
HX yjIbTpaTOHKOH OpraHH3anHH npH HeOoJlbHIHX pa3JIHHHHX B HHCJie BHTKOB 
nojuipHOH Tpy6KH (BopoHHH h AP-, 1997). B flpyroH paOoTe, ho yace no pe- 
3ynbTaTaM ceKBeunpoBaiiHa pnSocoMajibHOH .flHK nara h30jihtob MHKpocnopH¬ 
AHH pbi6, HccjieaoBaxeJiH 3aKJiKRHJiH, hto G. anomala, G. stephani h G. atheri- 
nae (JiaKTHnecKH npeACTaBJiHiOT oahh bha po^a Glugea, a hmchho G. anomala 
(Pompoxt-Castillon et al., 2000). B stoh CHTyaunn ajih pememiH Bonpoca o Ba- 
hhahocth G. gasterostei b AonojiHeHne k paHee nojiyxeHHbiM AaHHbiM 6bin 
ripoBeAen MOJieKyn»pHo-(|)HJioreiieTH4ecKHH aHajiH3 bhaa, pe3yjibTaTbi koto- 
poxo H3JIO>KeHbI B 3TOH CTaTbe. 


MATEPHAJI H METO^HKA 

C 1972 no 2014 r. BKjnoHHTejibHo Ha 3apa>KeHH0CTb MHKpocnopHAHHMH hc- 
cjieAOBaHO 5047 3K3. TpexHXJioH kojhoihkh Gasterosteus aculeatus. Bcex pbi6 
BCKpbIBajIH AJIH OnpeAeJieHHH 3KCTeHCHBHOCTH H HHTeHCHBHOCTH 3apa>KeHHH, 
rHCTOTponHH napa3HTa h oTSopa npo6 ajib cBeTOMHKpocKoniniecKoro, thcto- 
JIOTHHeCKOTO H 3JieKTpOHHO-MHKpOCKOnHHeCKOTO HCCJieAOBaHHH, npoBeACH- 
HblX no oOmenpHHHTblM MeTOAHKaM (BopoHHH, Hccn, 1974; BopoHHH H AP-, 
1997). KceHOMbi, Hcnonb30BaHHbie A-xa MoneKynapHoro aHanH3a, B3BTbi h3 


82 



pbi6 ii3 cTaBHtix HeBO^oB, ycTaHOBJieHHtix b Ohhckom 3anHBe B03ne r. CecT- 
poperaca (60°05' N 29°55' E). 

fljia BbmeJiemia reHOMHoii ^HK kcchombi co cnopaMH MHKpocnopn,zura 
BCKpbiBajiii miHiieTOM h roMoreHH3HpoBanH nuacTHKOBbiM necraKOM b ueHT- 
pmjDyacHoii npo6npKe. 06pa3Ubi HHKySHpOBann b 2%-hom pacTBOpe ueTHJiTpu- 
MeTHjiaMMOHHH opoMH/ra c ^o6aBjieHneM 0.2 % 6eTa-MepKanT03TaH0Jia b Tene- 
Hne 3 h npii 65 °C. 3aTeM .noSaBJiajra paBHbra o6beM cMecH 3a6ytf)epeHHoro 
TpncoM (fjeHona, xjiopo(j)opMa h H3oaMHJiOBoro cnupTa (25:24:1), ueHTpmjiy- 
rapOBanH h nepeHOCHJM Bepxraoio 4>a3y b HOBbie npoGnpira. K o6pa3uaM #0- 
OaBJiajm paBHbra o6r>eM cmcch xnopo^opMa h H3oaMHJioBoro cnHpTa (24:1), 
ueHTpH(j)yrHpoBaira (10 mhh, 7000 g) h, BHOBb nepeHOca b HOBbie npoOnpKH, 
noBTOpajra npotte^ypy LteHTpH(jDyrHpOBaHHa; BepxHioio (J)a3y OTOnpajm h CMe- 
HiHBaJiH c paBHbiM ODbeMOM H3onponaHOJia. npennnMTannn /JHK o6pa3- 
Ubi ocTaBJiajin Ha hohb npn -20 °C, nocne Hero ueHTpHtfjyrnpoBajm (30 mhh, 
14 000 g, +4 °C), H3onponaHOJi AeKaHTHpOBaim, a oca^KH ABaac^bi OTMbiBanH 
70°-hbim 3TaHOJiOM (Sambrook et al., 1989). OTMbiTbie h noncyracHHbie oca^KH 
pecycneH^HpoBanH b yjibTpaoHHineHHOH bo jxe. AMnjMtjmKaumo ynacTKa flHK, 
KO^Hpyiomero Majiyio cyObe^HHHHy pH6ocoManbHOH PHK (McpPHK), npOBO- 
KWIU MeTO^OM CTaH^apTHOH FILJP C yHHBepCajlbHblMH /yifl MHKpOCnOpH,Z],HH 

npaiiMepaMH Vlf 5’-CACCAGGTTGATTCTGCCTGAC-3' (Weiss et al., 1994) h 
ssl492r 5'-GGTTACCTTGTTACGACTT-3' (Weiss, Vossbrinck, 1999) c hc- 
nojib30BaHHeM Colored Taq-no;raMepa3bi («CHJieKC», MocKBa). nil,P-npo,ayK- 
tbi pa3,ne;ia;m b 1%-hom arapo3HOM rene, noaocbi pa3MepOM okojio 1300 h. o., 
cooTBeTCTByiOHiHe cneuHtfraHecKOMy nonoacHTeJibHOMy cHraany, Bbipe3ajra 
CKajibnejieM Ha TpaHCHJunoMHHaTOpe h 3aMOpaacHBajra no nocjienyiomeH ohh- 
CTKH. OHHCTKy aMnjXHKOHOB npOBO^HJIH MeTO^OM COpSuHH flHK Ha OKCH^e 
KpeMHHH nocjie pacraiaBJieHHa rena b 6M pacTBope nonnna HaTpna c nocneny- 
foraeii otmbibkoh cMecbio cnHpTOB Ha 6y<j)epHOM pacTBope h ojhouhch b Bone 
(Vogelstein, Gillespie, 1979). CeKBeHnpoBaHne npoBonnjra no MeTony CaHre- 
pa Ha KanHJuiapHOM ceKBeHaTope ABI Prism 3500. ITonyHeHHbie cnKBeHCbi 
CpaBHHBajIH C TaKOBbIMH, nenOHHpOBaHHbIMH B TeHOaHKe, C nOMOrabK) BCTpO- 
eHHOH yTHJiHTbi BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) no anropHTMy 
megablast, ocyraecTBJiaioraeMy noHCK h cpaBHeHHe chkbchcob, oGnanaromux 
BbICOKHM ypOBHeM CXO^CTBa. TOMOJIOrHHHbie CHKBeHCbl HCnOHb30BajlH ^Jia 
3naHHMeHTa b npHJioaceHHH BioEdit (Hall, 1999), b kotopom ynajiaira ynacTKH, 
conepacaiime HHcepnHM/neJiennn (indels). nojiyneHHbra ajiairaMeHT, npOTa- 
aceHHocTbio 1110 h. o., KOHBepTHpoBaira b cj}aHJi cjjopMaTa NEXUS, Ha ocho- 
BaHHH KOToporo npoBerra (JranoreHeTHHecKoe nocTpoemie MeTonoM OaiiecoB- 
CKoro 3aKjiiOHeHHa b nporpaMMe MrBayes (Ronquist, Huelsenbeck, 2003) c 
npHMeHeHHeM CTaHnapTHOH Moneira GTR+I+G no anropHTMy MCMC Ha npo- 
TaaceHHH 100 000 reHepauHH no nocTHaceHna noKa3aTeneM average standard 
deviation of split frequencies 3HaneHHa Hnace 0.01. 


PE3YJIbTATbI 

B 1974 r. H3 HeBCKon ry6bi OnHCKoro 3ajMBa oTJioBJieHbi h nccnenoBa- 
hh Ha 3apaaceHHOCTb MHKpocnopnnnaMH 350 3K3. Tpexiiraoh kojikdlukh Gaste- 
rosteus aculeatus. OSHapyaceno abc MHKpocnopnnHH, oahh bha OTHeceH k 


83 



G. anomala (Moniez, 1887) Gurley, 1893, a BTopon onncaH KaK hobbih - 
G. gasterostei (BopoHHH, 1974). OSocnoBanneM aJia onncanna G. gasterostei 
b KauecTBe HOBoro Biiaa, OTJiuuaiomeroca ot G. anomala, nocnyacnnn 6ojiee 
BbiTHHyTaa ijiopMa cnop c xpynnon 3aanen Baxyonbio n 6ojiee KpynHbie cnopbi. 
BiiAbi pa3Jiii i iajiHCb Meacay co6on rncTOTponHen. 


PacnpocTpaHeHne h 3apa*eHHOCTb 

Tpexnrnaa KOJiiouiKa Gasterosteus aculeatus — HanSonee Miioronncnen- 
Hbiu Bna pbi6 b HeBCKoir ry6e Ohhckoto 3auHBa. B nepnoa c 1972 no 1978 r. 
o6maa 3apaacennocTb pbi6 G. gasterostei cocTaBuna 1.2 % (51 3K3. h3 4233 nc- 
cneAOBaHHbix pw6), a 3a 1997 n 1998 rr. — 1.6 %. B 2013 r. H3 100 KoniomeK 
3apa>KeHHbiMH OKa3anncb yace 16 (16 %), a b 2014 r. H3 54 pbi6 — 17 (31.5 %). 
BiiaHiiTejibno yBem-wnnacb n HHTeHCHBHOCTb 3apaacennocTn, xoTopaa b 2014 
r. cocTaBiuia b cpeaneM 2.3 kcchombi Ha pbi6y. TaxHM o6pa30M, MHoroneTHne 
nccneaoBanua CBHaeTenbCTByiOT KaK o nocToannoM 3apa>KeiiHH KoniomeK 
MHKpocnopii^nen G. gasterostei b HeBCKon ry6e, Tax h o 3na i iHTejibnoM B03- 
pacTaHHH ypoBHa 3apaaceHHOCTH b nocneanHe roati. B OTnHane ot G. anoma¬ 
la, Bbi3biBaiomeH o6pa30Banne noaxoacHbix, Buemne xopomo 3aMeTHbix xce- 
hom, Bee KceHOMbi G. gasterostei pacnoaaraioTca TOJibKO b GpioniHon noaocTH 
h ^na nx o6HapyaceHHa neo6xoanMO BCKpbiTne pbi6. 


THCTOTponaa, Moptfionorna, ynbTpacTpyKTypa 

MnKpocriopnana G. gasterostei o6pa3yeT xcenoMbi na BHyTpeHHHX opranax 
xax npn 3apa>KennH CBoero ranoBoro xo3aHHa, Gasterosteus aculeatus, Tax h 
npn 3KciiepnMeHTajibHOM 3apaaceHHH aeBaTnnrnon kojiiouikh Pungitius pungi- 
tius (L., 1758). B oahoh pbiSe o6pa3yeTca ot oahoh ao necKOJibKHx mapoBna- 
hbix KceHOM, aocTHraiomHx MaKCHMajibHoro pa3Mepa 5— 6 mm. HHoraa Moac- 
ho naOjiroaaTb oSpaaoBanne mcjikhx btophhhmx KcenoM nenocpeacTBeHHO Ha 
noBepxHoc™ nepBHHHbix b pe3ynbTaTe ayTOHinjieKUHH, t. e. pa3BHTHa cneay- 
loinero noKOJieHHa napa3HTOB H3 cnop, o6pa30BaBuinxca b 3TOM ace h 3apa- 
3HBUIHX 3TOTO >Ke X03aHHa (pHC. 1, CM. BKJ1.). CoaepaCHMOe KpynHbIX KCeHOM 
npeacTaBneHO HCKjnonnTejibHO cnopaMH, neacainnMn npeiiMymecTBeHHO oan- 
hohho, peace napaMH. Mnoraa npncyTCTByioT hx uiapoo6pa3Hbie CKonnenna, 
npeacTaBJiaiomne co6on cnopocJiopHbie ny3bipbKH (pnc. 2, cm. bkji.). CneayeT 

OTMeTHTb, HTO no KOHCHCTCHIJHH COaepaCHMOe KCeHOM nJIOTHOe, HanoMHHaeT 
TBopoacncTyio Maccy b oTJinnne ot KcenoM co cnopaMH G. anomala , coaepacn- 
Moe KOTopbix HMeeT cjiHBKOo6pa3HyK> KOHcncTenuHK). TKuBbie cnopbi yann- 
HeHHO-3JiJiHnconaHOH (JiopMbi (pnc. 3, a, cm. bkji.), pa3MepoM 5.8 (4.8—6.0) X 
X 2.6 (2.1—2.8) mkm c HHaeKcoM (oTHomeHne a™Hbi k unipiiHe) 2.2. 3aaHaa 
Baxyonb 3aHHMaeT non™ nojiOBHHy oOteMa cnopbi. yjibTpaTOHKoe CTpoeHne 
cnop THnniHO ana npeacTaBHTeneil poaa Glugea. ilKopiibin ancx neSonbinon, 
pacnonoaceH HecKonbKo sKctteHTpnaiio. IlonaponnacT aByxnacTHbin, o6pa30- 
BaH nepeaneil MenKonnacTnunaTon h KOMnaxrHon nacTbio, KOTopaa KaK 6bi 
oxBaTbiBaeT 3aaHK>io peaKonnacTHnnaTyio nacTb. B oOinen cnoacHOCTii nona- 
ponnacT 3aHHMaeT oxono 1/3 oOueMa cnopbi. IIonapHaa TpyOKa inocfninapnaa, 
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Phc. 1. BHeuiHHH BH.it kcchom Glugea gasterostei Ha BHyTpeHHHx opranax kojhoiiikh Gasteroste- 

us aculeatus. 

CipeJiKaMH yKa3aHM 6ojiee MejiKHe BTopHHHbie KceHOMbi, o6pa30BaBiunecfl Ha noBepxHocra nepBHHHbix 

KCeHOM. 

Fig. 1. The appearance of xenomas of Glugea gasterostei on the inner tissues of the stickleback 

Gasterosteus aculeatus. 



Phc. 2. CnopotJtopHbie ny3bipbKH (cTpenKH) cpe/tH ottHHOHHbix cnop Glugea gasterostei. CbctobcUi 

MHKpocKonHa, CBerjioe none. 

Fig. 2. Sporophorous vesicles (arrows) among single spores of Glugea gasterostei. Light micro¬ 
scopy, bright field. 
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Phc. 3. Cnopw MHKpocnopHflHH Glugea gasterostei (a) h G. anomala (6). CBeTOBaa MHKpocKonna, 

CBeTJioe none. 

MacuiTa6Haa jinHefiKa — 10 mkm. 

Fig. 3. Spores of microsporidia Glugea gasterostei ( a ) and G. anomala (6). Light microscopy, 

bright field. 



Phc. 4. YnbipacTpyKTypa cnopti Glugea anomala (a) h (|)par\tenT cnopbi G. gasterostei, aeMOHCT- 

pupyiOIItHH BHTKH IIOJiapHOH TpyGfCH ( 6 ). TpaHCMHCCHOHHaa OJieKTpOIIIiaa MHKpOCKOIIHa. 

Fig. 4. Spore ultrastructure of Glugea anomala (a) and a fragment of G. gasterostei spore, showing 
polar tube coils (6). Transmission electron microscopy. 




aenaeT 15—16 bhtkob, jieacamHx b oahh paa (pnc. 4, 6, cm. bkjx). 3Haocnopa 
OTHOCHTejIbHO TOJICTaa, TOJniJHHOH 30 HM, 6eCCTpyKTypHaa HJ1H MeUKOBO- 
jiOKHHCTaa. Flapo oaho, KpynHoe, pacnonoaceHO b peHTpe cnopbi. 3aaHaa BaKy- 
ojib 6oJibinaa, CBo6oaHaa ot bkjikdhchhh. flna cpaBHeHHa cnopbi G. anomala 
OBajibHoil (fiopMbi, pa3MepOM 4.6 (3.3—5.0) X 2.3 (2.1—2.5) mkm c hhackcom 
2.0 (pnc. 3, 6), nonapHaa TpyGxa HMeeT 13—15 bhtkob (pnc. 4, a). 


MojieKyjiapHaa (JmjioreHHa 

B pe3yjibTaTe ceKBeHHpoBaHna ynacTKa reHa McpPHK MHKpocnopHaHH 
G. gasterostei, H3yieHHOH b HacToameil pa6oTe, nojiynena nyKJieoTHanaa no- 
cjieaoBarejibHOcrb npoTaaceHHOCTbio 1306 HyKjieoTHaoB (HOMep aocTyna b 
TeHSaHKe KM977990). Ee cpaBHeHne c roMoaorHHHbiMH CHKBeHcaMH, aeno- 
HHpOBaHHbiMH b reHSaHKe, noKa3ano MaKCHManbHoe cxoacTBO 3toto BHaa c 
rpynnon bh^ob poaa Glugea. IlpH stom HanSonee 6nH3KopoacTBeHHbiMH (jiop- 
mbmh, HMeioiuHMH cxo^ctbo HyKJieoTH^Hbix nocaeaoBaTeabHOCTeil c G. gaste¬ 
rostei h Meacay co6oil Ha ypoBHe 99.3—99.7, OKa3anHCb G. atherinae (HOMep 
aocTyna b TeHSaHKe U15987) H3 oGbikhobchhoh aTepHHbi Atherina boyeri, 
G. anomala (AF056015) H3 TpexnrjioH kojiiohikh Gasterosteus aculeatus, 
G. stephani (AF056016) H3 pennon KaM6anbi Platichthys flesus h G. hertwigi 
(GQ203287) H3 aMepmcariCKOH KOpiouiKH Osmerus mordax. TIo npHHHHaM, 
H3Jio*:eHHbiM aanee, yKa3aHHbiS h30ji»t G. anomala mo>kho cnHxaTb THnoBbiM 
ana ^aHHoro BHaa. B to ace BpeMa apyrne aocTynHbie CHKBencbi rena McpPHK, 
nojiynenubie, coraaciio aiiHO'ranHH, ana G. anomala , aeMOHCTpnpyioT 3HanH- 
TeabHO 6onee hh3khh ypoBeHb cxoacTBa c roMOJiornnHbiMH nocneaoBaTejib- 
HocTaMH nepenHCJieimbix TaKcoHOB: Ha ypoBHe 98.2—98.7 % (AF04439) h 
93.1—94.7 % (AB923879) (cm. TaOjiHiiy). TaKHe ypoBirn cxoacTBa c ranoBbiM 
o6pa3u;oM G. anomala HCKjnonaiOT B03Moa<HOCTb hx oraeceHHa k aaHHOMy 
BH^y, CBnaeieJibCTBya o neonpeaenennocTH TaKCOHOMnnecKoro cTaTyca aaii- 
hbix H30JiaT0B MHKpocnopH^HH. /(jia 6ojiee KoppeKTiioro ripeacTaBJieiiHa MaTe- 
pnaaa b nacToauieil pa6oTe 3th (JiopMbi yKa3aHbi noa Ha3BannaMH Glugea sp. 
AF04391 h Glugea sp. AB923879. 

MaeiiTHnnocTb chkbchcob G. anomala (AF056015) h G. stephani (AF056016) 
yKa3biBaeT Ha hx npnHaaneacHOCTb oanoMy BHay. Bo3Moa<Hbi aea oobacneiina 
aaHHOMy oScToarejibCTBy. Bo-nepBbix, H30JiaT G. anomala , 3apa3HBUiHH pen- 
Hyio KaMSaay, mot Sbitb omnoonno naeiiTH^HunpoBan kbk G. stephani b pa- 
6oTe no reHOTHnnpoBaHHK) 3thx MHKpocnopnaHH (Pomport-Castillon et al., 
2000), b 3tom caynae G. stephani ocTaeTca BHaoM, BaanaHOCTb KOTOporo He 
BepnijiHHHpoBaHa MeToaaMH MOJieKynapHOH (jiHJioreHHH. Bo-BTOpbix, He hck- 
jnoneHO, hto ncxoaHO G. anomala H3 Ka.MGaabi 6bm omican KaK G. stephani, 
t. e. H30JiaTbi, onpeaeaaeMbie KaK G. stephani no npH3HaKy 3apaaceHiia paiJinn- 
hmx BHaoB KaM6aaoo6pa3Hbix pw6 (Olson, 1981), oTHocaTca Ha caMOM aene k 
npeacTaBHTeaaM G. anomala. Ha ocHOBaHHH HMeiomuxca aamibix h6bo3mo>k- 
ho onpeaeaHTb, KaKoe H3 npHBeaeHHbix oStacHeHnil 6onee Bepoarao. 

npn (jiHjioreHeTHnecKOH peKOHCTpyKHHH c Hcnoab30BaHHeM chkbchcob 
reHa McpPHK ochobhbix TaKCOHOB MHKpocnopnaHH KJiacca Marinosporidia Bee 
BHabi poaa Glugea SbiJiH pacnonoaceHbi b n ojihtomh l i e ckom y3Jie, 3a HCKmone- 
HneM Glugea sp. AF04391 h Glugea sp. AB923879, KOTOpbie 3aHann cecTpHH- 
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ypoBHii cxoacTua HyKJieoTHflHfaix nocjieiiOBarejibHOCTeH MHKpocnopn^nH pofla Glugea 
h Loma acerinae (BHemmra rpynna), ncnojib30BaHHbix aim (|)Hjjoreiiein l iecKoro 
nocTpoemm b Hacroamefi pa6oTe. nony)KnpHbiM mpH(])TOM BbmejieH TaKCOH, CHKBeHC 
KOToporo nouyneH b Hacroamefi pa6oTe. OcTajibHbie CHKBeHCbi 3arpyaceHbi m reH6amca 

Levels of nucleotide sequence similarity of microsporidia of the genus Glugea and Loma 
acerinae (an outgroup), used for the phylogenetic reconstruction under the present study. 
Bold font indicates the sequence obtained in the present study while the others 
are downloaded from Genbank 


Ha3BaHne TaKCOHa 

HoMep iiocTy- 
na b reH6aHKe 

1 

2 

3 

4 

5 

6 

7 

1. Glugea anomala 

AF056016 

ID 

_ 

_ 

_ 

_ 

_ 

_ 

2. Glugea sp. 

AF044391 

98.7 

ID 

— 

— 

— 

— 

— 

3. Glugea sp. 

AB923879 

94.7 

93.6 

ID 

— 

— 

— 

— 

4. Glugea atherinae 

U15987 

98.6 

99.5 

93.6 

ID 

— 

— 

— 

5. Glugea hertwigi 

GQ203287 

98.5 

99.4 

93.5 

99.3 

ID 

— 

— 

6. Glugea gasterostei 

KM977990 

98.7 

99.6 

93.6 

99.7 

99.4 

ID 

— 

7. Glugea plecoglossi 

AB623035 

98.2 

99.1 

93.1 

99.0 

98.9 

99.1 

ID 

8. Loma acerinae 

AJ252951 

90.6 

91.5 

86.4 

91.5 

91.3 

91.7 

91.2 


CKoe nonoaceHHe no OTHomeHnio apyr k flpyry Ha aHXOTOMHnecxon BeTBH, 
Bxo^amen b tot ace nonHTOMnnecxnH y3en (He noKa3aHo). He3HanHTenbHO no- 
BBICHTB pa3peiHHMOCTb jaHHOTO nOJIHTOMHHeCKOTO y3Jia yflanoct TOJ1BKO Bbl- 
noJiHHB aHanH3 oT^enbHo nmi ceMH rannomnoB MHKpocnopH^HH po^a Glugea 
c npHBJieneHHeM b xanecTBe BHeniHeH rpynnbi Loma acerinae. B 3tom cnynae 
bha G. plecoglossi 3aH«ji caMoe 6a3ajibHoe nonoaceHHe no oTHomeHHio k 6jih- 
acanuiHM poacTBeHHHxaM, OOTaxo b ocTaubHOM Tonononra He H3MeHHnacb 
SojibuiHHCTBO aHajiH3HpyeMbix BHflOB coxpaHHUH nonoaceHHe b nojiHTOMH- 
necKOM y3Jie, fleMOHCTpnpya hh3Xhh ypoBeHb (JwnoreHeTHHecxoro cnrHana 
b aHaJiH3HpyeMOM noxyce (pnc. 5). 


OBCy5K^EHHE 

no^aBJiaioni,ee 6ojibinnHCTBO oxapaKTepH30BaHHbix Ha MonexynnpHo-reHe- 
THHeCKOM ypOBHe MHXpOCnopHZlHH MOpCKHX H npeCHOBOflHbIX pbl6 OTHOCHTCH 
k ootoh (jtHJioreHeTHnecKon rpynnnpoBKe, a hmchho k xnaccy Marinosporidia 
sensu Vossbrinck, Debrunner-Vossbrinck, 2005. B 3Ty rpynny Taxace bxo^ht 
pan napa3HTOB paKOo6pa3Hbix n HacexoMbix h o^hh BorGynmenb 3a6oneBaHHH 
nenoBexa — Trachipleistophora hominis. OcHOBHbie TaxcoHM napa3HTOB pbi6 
ypoBHH po.ua, cocTaBnaioinne .naHHbin xnacc, BxmonaioT Glugea , Loma , Pseu- 
doloma, Ichthyosporidium, Pleistophora, Ovipleistophora, Heterosporis, Dasy- 
atispora, Myosporidium, cocTaBnaiomne xpoHy naHHoil (JmnoreHeTHHecxon 
BeTBH, a Taxace Tetramicra, Microgemma, Spraguea h Kabatana, 3aHiiMaioinnc 
6ojiee 6a3ajibHoe nojioaceHne (Vossbrinck, Debrunner-Vossbrinck, 2005; Dia- 
rnant et al., 2010). BaacHO otmcthtb, hto TaxcoHOMHuecxoe nonoaceHHe pnna 
bh^ob, CHXBeHCbi reHa McpPHK xoTopbix nenomipoBaHbi b TeHOaHxe, onpene- 
neHO ^ocTaTOHHo ycnoBHO h TpeOyeT peBH3HH. 3to, b nacTHOCTH, xacaeTca po- 
noB Loma h Glugea. Tax, x pofly Loma OTHeceHbi nBe cymecTBeHHO niiBepni- 
poBaBnine (jtHJioreHeTHnecxHe jihhhh, 3aHHMaiomHe cecTpiiHcxoe nonoaceHire 
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Loma acerinae AJ252951 


— Glugeaplecoglossi AB623035 

— G. anomala AF056015 

— G. atherinae U15987 

— G. hertwigi GQ203287 


0.56 


- G.gasterostei KM977990 

i- Glugea sp AF044391 


1.00 L 
0.01 


Glugea sp AB923879 


Phc. 5. <t>njiorpaMMa, nocTpoeHHaa mcto^om 6aSecoBCKoro saK.iio'icuHa b iiphjiovkchhh MrBayes 
3.1.2 Ha ocHOBaHHH ajiaflHMCHTa HyKJieoTrwHbix nocjieflOBaTejibHOCTefi yuacTica reHa McpPHK, no- 
nyneHHbix b HacToameft paOoie gnu Glugea gasterostei (BbweJieHO nonyacHpHbiM ihphcJ)tom) h 3a- 

rpyaceHHbix H3 reH6aHKa. 

HHCJia Ha pa3BHJiKax yKa3MBaKiT 3HanenHa nocrepHopHon BepoaraoCTH. Ha MacmTa0HOH nHHeftKe OTMeneHO 
hhcjio oaoweMbix 3aMeH Ha oahh HyKJieoxHjHbiH caftT. AHHOTauna TaxcoHOB BXJHOHaeT HOMep aocTyna k hc- 
noJiB30BaHHOMy b pa6ore CHKBeHcy, AenoHHpoBaHHoiuy b TeH6aHKe (www.ncbi.nlm.nih.gov). 

Fig. 5. A phylogram, obtained using Bayesian inference in MrBayes 3.1.2 software basing upon alig¬ 
nment of nucleotide sequences of SSU rRNA gene fragment obtained in the present study for Glugea 
gasterostei (bold font) and downloaded from Genbank. 


no OTHomeHHK) npyr k npyry h k Ichthyosporidium weissii (Vossbrinck, Deb- 
runner-Vossbrink, 2005). B OTnomeHnn bh^ob po/ta Glugea b cBoe BpeMa 6bma 
ripoBenena pcbhbhh h G. americanus H3 aMepnKaHCKoro yaHJibiimxa Lophius 
americanus Ha ocHOBaHHH jiaiiHbix MonexyjiflpHOH (j)HJioreHHH 6biJia nepeHMe- 
HOBaHa b Spraguea americana, t. e. OTHeceHa k npyroMy pony (Freeman et al., 
2004). OcTajibHbie bh^m pona Glugea , CHKBeHCbi reHa McpPHK KOTopbix neno- 
HnpoBaHbi b renOaHKe, noKa3biBaiOT ypoBeHb cxoncTBa, eooTBeTCTByiomHH 
npeACTaBHTejiBM onnoro pona. Onnaxo cymecTBeHHbie B03pa>xeiiiia npoTHB 
OTHeceHHB k BHfly G. anomala bo3hhk3K)t b OTHomeHHH neyx TaxcoHOB, chk- 
BeHCbi reHa McpPHK KOTopbix nenonupoBaiibi non HOMepaMH AF04391 h 
AB923879. fleno b tom, hto G. anomala BnepBbie onncaH H3 TpexurnoH xo- 
momKH (jiayHbi OpaHUHH (Moniez, 1887). HMeHHO nJia Taxoro H30JMTa, xotb h 
3HaHHTejibHO no3>xe (Pomport-Castillon et al., 2000), nouyneH chxbchc, neno- 
HnpoBaHHbiH non HOMepoM AF056015. Flocxojibxy He HMeeTca bo3mo>xhocth 
npoBecTH conocTaBJieHne Hcxonnoro (ranoBoro) oOpa tna naimoro Buna c Ta- 
XOBblMH, H3y L ieiIHbIMH MOJiexyjUipHblMH MeTOflaMH, OCTaeTCB CHHTaTb namibiH 
MOJiexyjtapHbiH ranjiOTnn npHHanJie>xainMM G. anomala Ha ochob3hhh ero 
reorpacfiHHecxoro nponcxo>xneHH>i. flpyrne rannoranbi, no-BiiniiMOMy, HMeiOT 
HHoe npoHCxo'/xneiiHe (npennojio>XHTejibHO HopBerna pjia AF044391 h Hnnim 
nnB AB923879) h o6;ianatoT nocTaTomibiM ypoBHeM niiBepreiimni ajbi OTHece- 
hhb x npyrHM, eine He onucaHHbiM BHnaM. 

HecMOTpjt Ha hh3xhh ypoBeHb nuBepreimmi pana BiinoB pona Glugea, o6y- 
cjiOBJieHHbm BbicoxoH CTeneHbio poncTBa paccMaTpiiBaeMbix (JiopM, caMOCToa- 
TenbHocTb TaxcoHa G. gasterostei no oTHomemno x G. anomala, o6ochob3h- 
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Haa paHee Ha ocHOBaHHH MOpcjiojiorHHecxHX, yjibTpacTpyxTypHbix .zjaHHbix h 
rucTOTponHH (BopOHHH, 1974; BopOHHH h #p., 1997), noATBepa^aeTca pe- 
3yjibTaTaMH aHajm3a HyKJieoTH^Hbix nocjie.no BaTejibHOCTefi /)HK. Hto xacaeT- 
ca Been rpynnupoBKH, BXjnonaiomeH G. gasterostei, G. atherinae, G. hertwigi 
h G. anomala, bbicoxhh ypoBeHb cxoncTBa HyxjieoTHnHbix nocjienoBaTejibHO- 
CTen npennojiaraeT, hto nuBepreHnna sthx TaxcoHOB npOH3onuia cpaBHHTejib- 
ho He^aBHO. B to ace BpeMa cpaBHHTeJibHbiii aHajiH3 mopcJjojiothh cnop h thc- 
TOTponnn o^hoto BM^a MHKpocnopH^HH, b HacTHOCTH G. hertwigi, H3 pa3HbIX 
xo3aeB, co6paHHbix b pa3Hbix reorpacjiHHecxHx Tonxax, no3BoaaeT BbiaBHTb 
3HaHHTeabHbie pa3JiHHiia. Tax, ecjiw y stoto BHna, napa3HTHpyK>mero y caMO- 
3epcxoS xopiouixH Osmerus eperlanus b pa3Hbix TxaHax, hhcjio bhtxob nojiap- 
hoh Tpy6xn b cnopax xojie6jieTca b npenenax 17—19 (BopOHHH h np., 1997), 
to y aMepnxaHCxoH xopiouixH Osmerus mordax c ATjiaHTHnecxoro no6epeacba 
KaHa^bi napa3HT pa3BHBaeTca b nonaiH3HCTOM cnoe aceJiynoHHO-XHineHHoro 
TpaxTa h xaeTxax Me3eHTepHa, a hhcjio bhtxob nojiapHOH TpySxn b cnopax 
xojie6jieTca b npenenax 12—13 (Lovy et al., 2009). B npOTHBonojioacHOCTb 
3TOMy y G. anomala H3 neBaTHHraoH xojhoihxh c Ohhcxoto 3anHBa pa3Mepbi 
cnop n hhcjio bhtxob nojiapHOH Tpy6xH (13 — 15) oxa3anHCb npaxTHHeexn 

CXO^HblMH C TaXOBbIMH (12 - 13) H3 TpeXHTJIOH XOJHOUIXH H3 TepMaHHH 

(Schmahl, Mehlhom, 1989). He6ojibinaa pa3HHu,a b hhcjic bhtxob nojiapHOH 
TpySxH (12 h 13—14), no naHHbiM pa3Hbix aBTOpOB, OTMeneHa h .zyia pa3Hbix 
H30JiaT0B BH^a G. stephani, cpenHHH pa3Mep cnop xoTOporo cocTaBJiaeT 
4.7 X 2.7 mxm (Canning, Lom, 1986). Bnn G. atherinae cxoneH c G. gasteros¬ 
tei no JioxajiH3apHH xpynHbix xcchom b SpioumoH nojiocTH, mop^ojiothh h 
pa3MepaM cnop (5.7 x 2.9 mxm). Ojmaxo hhcjio bhtxob nojiapHOH TpySxn b 
cnopax 3toh MHxpocnopH^HH (12- 17) BapbHpyeT b oneHb niHpoxHx npenejiax 
(Berrebi, 1979). BjiH30CTb neTbipex BbimeHa3BaHHbix bhjiob no cxoncTBy Hyx- 
jieoTH^Hbix nocjie/ioBaTejibHOCTeH He xoppejinpyeT hh c hhcjiom bhtxob no- 
jiapHOH Tpy6xH, hh c oco6eHHOCTaMH jioxajiH3au,HH napa3HTOB b opraHH3Me 
xo3aHHa. 

TaxHM o6pa30M, cnopbi Bcex bh^ob pona Glugea xapaxTepH3yiOTca enHHO- 
o6pa3neM CBoero CTpoeHHa, hto Taxace MoaceT CBnaeTejibCTBOBaTb 06 sbojiio- 
Uhohho HeaaBHeH aHBepreHUHH bh^ob. Cnopbi 3axjnoHeHbi b o6oJionxy yMe- 
peHHoii tojiiuhhbi, axopHbin nncx HeGojibmoH h aneHTpuojiapHoro pacnojio- 
aceHna, nonapomiacT nByxnacTHbiH H3 njiOTHO h penxo yjioaceHHbix nnacTHH, 
oneHb xpynHaa 3anHaa Baxyonb, anpo, pacnojioaceHHoe b neHTpe cnopbi. YjibT- 
pacTpyxTypa nojiapHOH Tpy6xn, a hmchho hhcjio h CTpoeHiie cJioeB Tpy6xn Ha 
nonepenHOM cpe3e y Bcex 5 H3yneHHbix hbmh bhjiob pona Glugea HMeeT 6ojib- 
Uioe CXOUCTBO (BopOHHH H ap., 1997). OCHOBHbie BHflOBbie OTJIHHIia MHXpO- 
cnopH^HH pona Glugea 3axjnoHeHbi b pa3Mepax, (})opMe h HHnexce cnop, b hhc- 
jie bhtxob nojiapHOH TpySxn, ho TJiaBHbiM o6pa30M b H36iipaTejibHOCTH juia 
CBoero pa3BHTHa onpenejieHHoro THna xjieTOx, b rHCTOTponiin. ITo hmcioiuhm- 
ca y Hac naHHbiM MoacHO npennoJioacHTb, hto nponecc BHjioo6pa30BaHHa cth- 
MyjinpoBajica jih6o ycneuiHbiM 3apaaceHHeM h nepexonoM Ha hoboto xo3aHHa, 
jih6o nepexonoM x pa3BHTHK> b xjieTxax hoboh TxaHH, jih6o tcm h npyrmi on- 
HOBpeMeHHO. B 3tom OTHOineHHH HHTepecHbie naHHbie MoaceT n.aTb cpaBHeHne 
cnxBeHcoB G. hertwigi H3 npecHOBo^Hoii caM03epcxoii h aMepuxaHcxoii xopio- 
mex, Tax xax pa3BHTne MHxpocnopnnHH nponcxonuT He tojibxo b pa3Hbix xo- 
3aeBax, ho h b pa3Hbix opraHax pbi6. 
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O B03M0XCH0H 3BOJHOPHOHHOH «M0J10n0CTH» MHKpOCnOpHflHH pbl6, H B 
nacTHOCTii pona Glugea, CBiineTenbCTByioT naHHbie 3KcnepHMeHTOB no nayne- 
Hino rocTajibHon cnennc}jn L iHOCTH, xorna Kpyr xoaaeB onpeneneHHoro Bnna 
OKa3biBajicfl ropa3.no rnnpe, neM 3 to 6bino H3BecTHo no pe3ynbTaTaM KJiaccnne- 
ckhx noneBbix nccnenoBaHnn. TaK, cnopaMH G. hertwigi H3 KOpiomeK 6bmn 3a- 
pa>KeHbi 2 H3 4 nononbiTHbix Tpexnrnbix KonioineK (Weissenberg, 1968). ITojk)- 
>KHTejibHbin pe3ynbTaT nojiyneH n npn 3KcnepnMeHTanbH0M 3apa>xeHHH pa- 
ny>KHOH (jjopenn cnopaMH G. plecoglossi m anio, ho Tpexnrnyio KOJirouiKy npn 
3 tom 3apa3HTb He ynanocb (Takahashi, Egusa, 1977). Ba^cHO OTMeTHTb, hto 
npn 3KcnepHMeHTanbH0M 3apa>xeHHH pa3Hbix BHnoB KoniomeK n G. gaste- 
rostei, n G. anomala coxpaH»nH jiOKajiH3apnio b cneijH(})HHecKHX nnn hhx 

MHKpOTOnaX-B KJieTKaX BHyTpeHHHX H BHenJHHX nOKpOBOB COOTBeTCTBeHHO 

(Bopohhh, 1983). TaKHM o6pa30M, pa3BHrae b KneTKax 3amHTHoro p»na, pac- 
noJiannoinnxcH b Me3eHTepHH (6pK>niHOH nonocra), cnyacHT oxnHHHTenbHbiM 
npH3HaK0M jiTifl G. gasterostei, Tax nee xax h pan MOp<|)OMeTpHHecKHX npH3Ha- 
kob cnop. B cbok) onepent, ocHOBbiBaacb TonbKo Ha MOJieKyjwpHbix KpHTepn- 
nx, cho>kho onpeneJiHTb rpaHb Mencny BHnaMH h BHyTpHBHnoBbiMH (JiopMaMH; 
onHaxo, Hcxona H3 Toro, hto Kancnbin H3 3thx bh^ob HMeeT (|)0pMajibH0e onn- 
caHne, nepecMOTp hx paHra (HanpHMep, o6benHHeHne paMxaMH onHoro Bnna c 
BbineneHneM cooTBexcTByiomHX nonannoB) cnenyeT OTno>KHTb no Toro BpeMe- 
hh, Korna 6yneT HaxonneH 6ojiee penpe3eHTaTHBHbin Ha6op naHHbix nnn yco- 
BepUieHCTBOBaHHfl TaKCOHOMHH MHKpOCnOpHnHH. 

npHMepHO TaxoH ace ypoBeHb cxoncTBa HyKJieoranHbix nocnenoBarenbHOCTen 
(ot 99.0 no 99.7 %) naSjnonaeTCfl y MHKpocnopnnHH pona Pleistophora H3 pbi6 
h paxoo6pa3Hbix, HanpHMep, Me>Kny P. typicalis (AF044387), nayMa naojiaxaMH 
P. mulleri (AJ438985 h FN434084) h P. hippoglossoides (AJ252953). riapa3HTOB, 
npencTaBneHHbix nepenHcneHHbiMH cHKBeHcaMH, mo>kho cHnxaTb npencTaBH- 
TejiHMH He 3, a 4 (JmnoreHeTHHecKHx jihhhh, nocTaTOHHO nH(})(})epeHUHpoBaH- 
Hbix reHeTHHecKH; t. e. onHH H3 hbojihtob P. mulleri noTeHunanbuo npencTaB- 
jiaeT caMocTOHTejibHbiH BHn, HyxcnaromHHca b BbiaBJienHH BnnoBbix KpnTepneB 
He TOJibKO MOJieKyjiapHO-reHeTHHecKHMH, ho h bccmh npyrHMH MeTonaMH, nc- 
nonb3yeMbiMH b coBpeMeHHOH CHCTeMaTHKe MHKpocnopnnHH (ToxapeB, 2013). 
Ctojib >xe HeBbicoKHH ypoBeHb nHBepreHixnn OTMenaeTca n b npyrnx (Jmnore- 
HeTHHecKHX rpynnHpoBKax Mencny TaxcoHaMH, nmi KOTopbix o6ocHOBaHa npH- 
Hanae>KHOCTb k OTnenbHbiM BHnaM, b nacTHOCTH b npenenax ponoB Tubulinose- 
ma (Franzen et al., 2006; Malysh et al., 2013) n Nosema (Tokarev et al., 2015). 

riocTyjiHpoBaTb npHHanJiexcHOCTb nccnenyeMoro H3onaTa MHKpocnopnnHH 
H3 pbi6 k onpeneneHHOMy BHny tojibko Ha ocHOBaHHH biwoboh npmianne>KHO- 
cth xo3HHHa naHHoro napa3HTa He npencTaBnaeTca KoppeKTHbiM. FlanpnMep, 
JIom (Lom, 2002) cHHTaeT G. gasterostei chhohhmom G. anomala hmchho no- 
TOMy, hto o6e MHKpocnopHnnn 3apaxcaioT KoniomeK, HecMOTpa nance Ha to, 
hto npn nepBoonncaHHH 6biJin yKa3aHbi neTKHe pa3jniHHa b MOp(J)OMeTpHHe- 
ckhx noKaaaTenax npencTaBHTejien sthx TaKcoHOB (Bopohhh, 1974), nonicpen- 
JieHHbie 3aTeM yjIbTpaTOHKHMH pa3nHHHflMH B CTpOeHHH cnop, a HMCHHO B HHC- 
Jie BHTKOB nOJIHpHOH Tpy6KH (BopOHHH H np., 1997). C npyrOH CTOpOHbl, BblflB- 
jieHHbie b HacTOfluiefi pa6oTe tohkhc MoneKynnpHo-reHeTHHecKiie pamHHHfl 
Me>Kny G. gasterostei h G. anomala nonKpennaioTcn naHHbiMH no coxpaHeHHio 
rncTOTponHOH jiOKajiH3aHHH Ka>xnbiM H3 3 thx napa3HTOB npn nepexpecTHOM 
3apa>KeHHH KonioineK pa3Hbix BHnoB. 
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B jiiooom cnynae oneBtuiHa Heo6xo^nMOCTb npHBaeneHMa mctoaob ,H,HK- 
SapKO^HHra ^jis 6oaee tohhoh HjieHTHtJtHKauHH h flmjxjjepeHijHautiH roynae- 

MblX BH^OB napa3HTOB. IlpH BblflBJieHHH TOHKHX pa3JlHHHH B MOJieKyjlBpHblX 
ranaoTunax bo3mo)kho o6ocHOBaHHe caMOCToaTenbHbix bh^ob npn ycaoBHH 
nojiyneHna aonojiHHTCJibHbix KpHTepneB BH?ia. rio-BH^HMOMy, G. gasterostei h 
G. anomala, a TaioKe G. hertwigi h G. atherinae mtokho paccMaTpHBaTb Kai< 
rpynny 6jiH3KopoACTBeHHbix bhjiob, flHBepreHumi KOTopbix npon3onuia cpaB- 
HHTejIbHO He^aBHO B 3BOJHOUHOHHOH HCTOpHH pOfla GlugeCl IIO CpaBHCHHK) C 

G. plecoglossi, a TaioKe Glugea sp. AF044391 h Glugea sp. AB923879, Taicco- 
HOMHHecKHH cTaTyc KOTopbix Tpe6yeT ^aubHeHiuero yroHHeHHH. B cbhbh c 
HH3KOH pa3peniHMOCTbIO C^HJIOreHeTHHeCKHX peKOHCTpyKUHH, OCHOBaHHbIX Ha 
nocaeAOBaTeiibHOCTHx reHa McpPHK 6jiH3Kopo^CTBeHHbix bh^ob Glugea, He- 
o6xoahmo npHBjieneHHe aonojiHHTejibHbix jioKycoB jma HccneAOBaHHH (J)hjio- 

reHeTHHeCKHX OTHOIIieHHH 3THX TaKCOHOB. 
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THE MICROSPORIDIUM GLUGEA GASTEROSTEI VORONIN 1974 
(MICROSPORIDIA: MARINOSPORIDIA) FROM THE THREE-SPINED 
STICKLEBACK GASTEROSTEUS ACULEATUS (ACTINOPTERYGII: 

GASTEROSTEIFORMES) AS AN INDEPENDENT SPECIES 

© Y. S. Tokarev, V. N. Voronin, I. V. Senderskiy, I. V. Issi 
Key words : microsporidia, phylogeny, speciation, taxonomy, ribosomal RNA. 

SUMMARY 

The microsporidium Glugea gasterostei from the three-spined stickleback Gasteroste- 
us aculeatis was described as an independent species basing upon morphological and 
ecological traits of the parasite (Voronin, 1974), further supported by ultrastructural cha¬ 
racters of its spores (Voronin, 1983). During the revision of microsporidia of the genus 
Glugea (Canning, Lom, 1986; Lorn, 2002), the validity of this species was doubted and it 
was synonymized with G. anomala. Nevertheless, the molecular phylogenetic analysis 
performed in the present study showed the unique molecular haplotype of small subunit 
rRNA gene of G. gasterostei (Genbank accession number KM977990) and its close rela¬ 
tedness to G. anomala, G. atherinae and G. hertwigi (sequence similarity of 99.7 %). One 
of typical characters of G. gasterostei, as opposed to G. anomala, is the formation of xeno- 
mas on inner tissues and not on the surface of infected fishes. This feature is retained even 
after the infection of different host species. Taken together, these data confirm the validity 
of G. gasterostei as a separate species among closely related taxa that had diverged com¬ 
paratively recently. 
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